ABSTRACT. The paper discusses fully developed flow of viscous fluid through ducts of arbitrary cross-section. The method uses a constant velocity contour line in a typical cross-section of the duch as an independent variable. The amplitude of the oscillatory velocity is then obtained from an ordinary integro-differential equation. Several examples of a practical nature are given, with some that have not yet been discussed in the literature. All details are explained by graphs.
INTRODUCTION
This paper is a further extension to previous work that has been done in the area of oscillatory fluid flow in ducts. In a previous paper [9] , a method was proposed for the study of fully developed parallel flow of Newtonian viscous fluid in uniform straight ducsts of very general cross-section. The proposed method is based upon the concept of a family of contour-lines of constant velocity, u(z, y) const., in a typical cross-section of the duct and considering such line as an independent variable. Since the details .,of the method used in this study have been discussed by the first author in an earlier publication [9] , only a brief discussion of the method is presented here.
According to the method, the governing equation for the axial velocity component w(z, y, 7-) at any 
A2= w t=u x+u*, and r,=-.
t/ p
The above equation is the integral form of the momentum equation for unsteady flow, ignoring any external forces. Here w represents the frequency of oscillation, and A is a reduced frequency.
The family of contour lines of constant velocity, C,,, are represented by u(z, ) constant (see Fig.  1 ). If the exact equation for u(z, y) is known, then the governing equation (1) If, however, the duct is doubly connected (see Fig. 2 
The amplitude velocity, V, in this case, then becomes
where L(a, r) is a new function of two independant variables a and r given by [11] L The results in Fig. 4 agree precisely with those of Tsangaris 11 ] . It is further interesting to note that the graph in Fig. 3 corresponding to fl 0 coincides with the graph for an elliptical duct given in [9] .
Conformal mapping technique
For more complicated cross-sections an exact equation for the isovelocity contours may not exist, so conformal mapping can be used (see Fig. 5 ). This Fig. 7 Consider another example of a square duct with rounded corners (Fig. 8) Fig. 9 First consider the case when both inner and outer boundai'ies have polygonal cross-section. Therefore we want to map this shape onto a doubly connected annular region where the outer boundary is the unit circle (see Fig. 10 ). We do this using the well known Schwartz-Christoffel transformation to approximate the mapping function as it is not known [3] .
where a the apothem of the regular polygon, n the number of sides on the polygon, and F, is the mapping coefficient given by r=/ (+)--t.
The numerical values of the mapping coefficients for some regular polygons are given in Table 1 , 
This function can be used to map the unit circle onto the outer boundary square. Now we need to map another concentric circle of radius, ' In this case we again want to transform the cross-section (see Fig. 12 ) onto an annular region. We know the mapping function for the outer boundary can be approximated by We also know from Laura [7] that circles in the (-plane will map into approximate circles in the z-plane, Furthermore, the present study has been limited to the study of velocity distribution in a duct flow.
Many other problems, for example the dynamic response of MHD (magnetohydrodynamic) flow in conduits when subjected to pressure gradient can be analysed in a like manner, which is to be carried out in subsequent papers in this series.
